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(54) Data recording' method and data recording apparatus. 



(57) A method -of: recording data in a recording 
mediuhv'is performed as following, manner by 
... using. an RLL (Run Length Limited) Code rep- 
resented, by 'Xd> it is 
assumed that X is an indeterminate bit which is 
determined By the data,* a : bhe-byte resync sig- 
nal ! with a patterns represented by 
M X0 1000000001" is . periodically inserted into 
, -tfee^data.; Then,Jhe data into which the resync 
signal, js'jhserted is recorded on the recording 
mediu^ a re- 
cording medium in accordance with NRZI (Non 
Return tb Zero Inverted) recording* is, performed 
by ; using ah RLL <code ; represented by (d,k,m,n) 
= :(1,7,2v3). When it is, assumed .that X is an 
. , indeterminate^ ' Bit , which is ;^eterrpiriecl by the 
data, r >ne bf"dne^l)yte resume slighals represen- 
r: — MP' " ir by - -pyterns- '^X0 1000000001" and 
■ -X01000000101 is selected such -that a DSV 
(Digital; Sum .Value) of a ; coded -signal is dec- 
reased. The selected resync signal is . period- 
ically inserted .into the. data. Then, the data into 
which the resync signal is inserted is recorded 
on the recording* medium. J 
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The present invention relates to a data recording 
method and a data recording apparatus for coding 
data by using a so-called (1,7) code and recording the 
data into a recording medium. 

Fig. 1 shows a coding table of the most common 
(1,7) code. In this code, (d,k,m,n) = (1,7,2,3), i.e., the 
number of "(Ts present between n Vs is a minimum of 
one and a maximum of seven, and the conversion bit 
ratio is 2: 3. In this table, X represents an indetermin- 
ate bit which is determined by the pattern before this 

bit. \ 

Fig. 2 illustrates a sector format proposed as a 
standard of a rewritable 300-mm optical disk, as an 
example of a sector format using this (1,7) code. Re- 
ferring to Fig. 2, a 67- byte portion as a header field 
is an area in which address information is already re- 
corded on a disk, and a 1,293-byte portion as a re- 
cording field is an area in which new information is re- 
corded. Fig. 3 explains in detail a 3-byte.DS portion 
and a 1,249-byte data field portion in that area. 

The data field shown in Fig. 3 contains a data 
sync pattern SB1-3 which indicates the start position 
of data, user data D1 to D1024, address data Al and 
A2, CRC parities (error-detecting codes) C1 to C4 fi 
ECC parities (error-correcting codes) E1.1 to E10.14, 
and resync (^synchronization) patterns RS1 to 
RS59. These patterns/data, and parities are coded 
and recorded by the (1,7) code described above. 

The purpose of the resync pattern is to record a 
predetermined pattern at a fixed period. That is, if a 
large omission of data takes place in a reproduction 
signal during reproduction, this shifts the phase of a 
reproduction phase locked loop (PLL) clock, making 
byte synchronization of reproduction information im- 
possible!. Even if this synchronization difference 
propagates, it is possible to perform resynchroniza- 
tion by detecting the resync pattern and thereby min- 
imize the damage. 

The one-byte resync: pattern proposed in this 
standard is; a pattern ."X010obo01000" which is ob- 
tained by converting "C5" into the (1,7) code in hex- 
adecimal notation. 

It is desirable that the resync pattern be a pattern 
which does not appear in user data. If the same pat- 
tern as the resync pattern appears in user data, a re- 
sync pattern detection circuit erroneously detects the 
resync pattern, producing a large error in reproduc- 
tion data. To prevent this, windows for detecting the 
resync pattern can be provided in intervals before 
and after a point at which the resync pattern is ex- 
pected to be detected, thereby making it impossible 
to detect the resync pattern in a data area. 

Fig. 4 is a timing chart for explaining the function 
of such a resync detection window. Referring to Fig. 
4, RS represents a true resync signal, UD represents 
user data, WS represents a false resync signal in the 
user data, and T represents a fixed time. 

Assume that the window is narrowed so as not to 



erroneously detect the false resync pattern in the 
user data area. In this case, if an omission of data oc- 
curs in a reproduction signal, the resync pattern may 
fall outside the window due to an error in the f requen- 

5 cy of the reproduction signal and therefore may no 
longer be detected. If, in contrast, the window is wid- 
ened so as not to miss the true resync pattern, the 
false resync pattern in the user data area may be er- 
roneously detected. 

10 For this reason, the standard of a rewritable opt- 

ical disk using a. (2,7) code, fpr example, makes use 
of a pattern, which satisfies a (2,7) limitation, i.e., 
"001 00000001 00 100," and does I not appear in a data 
area written by the code, as the resync pattern. 

15 The above-mentioned resync pattern of the (1,7) 
code, however, is a pattern that appears in the user 
data area. 

A pattern indicated ^ by "100000001 0000001, w 
therefore, which satisfies the dk limitation of (1,7) is 

20 used. Such a pattern in which an 8-t peripii is followed 
by a 7-t period meets the condition (d,kj = (1,7) and 
does not appear in the (1,7)-code coding table men- 
tioned earlier. The use of thispatternas-theresync 
■ pattern can solve the.aboye problem Jf, hp 

25 pattern is used, the resync pattern consists of at least 
two bytes. In Fig. 3, a. resync pattern of one byte is 
added every 20 bytes of user data: The efficiency of 
recording capacity decreases if a resync pattern of 
jtwp .bytes must beadded every ^ 

30- u Anpt her t problem on wfiich thepreserit invention 
has focused attention is a, problem of DC free of a 
coded signal: 1 Assuming that symboKI is +1 point and 

V/\VC^ynit^f 'p fis -t^ojntin r a "rec»raing waveform column, 

4- the^s^ is 

35 termed;a digital sum vaiue;(pS { Vf). ^ c^e in which a 
DSV in a certain predetermined interval is 0 or has a 
finite ; Value ddefe not have^ a DG=cpmponent in its wa- 

1 . , .vefor^ DC free code. 

, ^ ;^vVheri! t his'b'C f ce^Tc&de is\use<£ binary circuit of a 

40, reproducing apparatus, can be simplified because no 
DC component is contained in ^ reproduction signal. 
This effect ively reduces jitters produced by binary er- 
.. Tt V , ,rprs. '' ' ;/„ ' ' v ,y^ y 

Examples of the DC f re^ code are; PE modula- 

45 tion, FM modufatiqn, "a -AAijljB.r^.._-<M' M-!?^ "^^IV 31 "®^ code ' 
and an EFM code. These codes, however, have their 
respective drawbacks, such as a low recording den- 
sity, a small window margin, and complexity in a cod- 
ing circuit ' ; 

so On the other hand, it is also possible to perform 

mark-edge recording for a run lengthTimited (RLL) 
code, such as the (1 ,7) code or the (2,7) code, which 
is often used in mark-position recording, for the pur- 
pose of increasing the recording density. That is, as 

55 shown in Fig. 5, it is possible to convert the RLL code 
into a non return to zero inverted (NRZl) code, there- 
by using it as a (1,7) NRZl code or a (2,7) NRZl code. 
There is conventionally known method for : cbn- 
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plaining an output from the DSV determination 
circuit shown in Fig. 6; 

Fig. 10 is a circuit diagram showing an example 
of the arrangement of a resync signal detection 
5 circuit in a reproducing apparatus; 

Fig. 11 is a circuit diagram showing an example 
of the arrangement of a bit control circuit shown 
in Fig. 6; and 

Fig. 12 is a block diagram showing another em- 
10 botiiment of the resyric signal generation unit of 

the data recording apparatus according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
15 EMBODIMENTS ' ~ ~ ~ 



verting these non DC free codes into DC free codes 
by providing a DC free control bit at a predetermined 
period. That is, by properly selecting the DC free con- 
trol bitrprovided at the fixed period, a DSV value as a 
whole can be so controlled as not to be greater than 
a predetermined value. 

The above first, problem may be solved by a 
method of recording data into a recording medium by 
using an RLL code represented by (d,k,m,n) = 
(1,7,2,3), wherein, assuming that X indicates an inde- 
terminate bit which is determined by the data, a one- 
byte resync signal having "a' patter n represented by 
"X01 000000001" is recorded, in the medium by peri- 
odically inserting the resync signal into the data. 
Other embodiments are of course possible. 

Theabove.secontf problem is solved by a method 
of NF^Urecprding data into a recording medium by 
using an RLL code represented by (d,k,m,n) = 
'(1,7,2,3),' wherein, assuming that X indicates ah inde- 
terminate bit which is determined by the data, a one- 
byte resync signal having a pattern represented by 
"X01 000000001" or M X0 1000000.1 01" is so selected 
as to decrease the digital sum.value of a coded signal 
and recorded in the medium t>y periodically inserting 
the resync signal into the data/ Other embodiments 
are of course possible. As ^ne ^ example, the above 
second , problem is soiyed by a method of NR2I- 
recordingjdata into. a recording ^medium by using in 
RLLcc^eVepresented b^|d!k,m,n) = (1.7,2,3), where- 
in, assuming t hat ^ rhdiptes, ajV indeterminate bit 
which is 'determined by tHe^ateJ a one-byte resync 
signal, .having a ^p^tem * represented by 
"XOIOOOOObbOi" or b X^ is so selected 

as to decrease the digital sum value of a coded sighal 
, : and,recorded in tfte medium iy periodically inserting 
: Jhe,resync signaj into the data. v 

BRiEF DESCRIPTION OF THE DRAWINGS 

,Fig. J is a. view showing a coding table for a (1 ,7) 

n Fig v 2 is a vjew ^howing sector 

format; r ^.V.!-,-^." \ .,.-.,-,.*,!. 
Fig .3, is a yfew showing ih6 arrangement of a 
data f ield in the siS&or^^ 
pig. 4 is. a timinjg chart for ^ the function 

of a resyric detection window; 
Fig. 5 is a timing chartfor explaining NRZI record- 
ing using | the (1,7) code; ^ . 
'.Fig, v 6 is a block diagram showing aih embodiment 
of a'resync $ighM;9e^.ratibn unit of a data re- 
cord in g apparatus kccoirding to the present in- 
vention; ; \ 

Fig. 7 is a timing chart for explaining how to bb- 
tain a | digital 'sum value; 

Fig. 8 /is a view for explaining the function of a 
DSV determination circuit shown in Fig. 6; 
Fig. 9 is a view she-wing an output table for ex- 



Fig. 6 is a block diagram showing one embodi- 
ment of a resync signal generation unit of a data re- 
cording apparatus according to the present invention. 

20 Referring to Fig. 6, this resync signal generation unit 
includes a resync byte inserting circuit 1; ; a (1,7) en- 
coder 2, an NRZI coding circuit 3, a delay circuit 4, a 
resync 10th bit control circuit 5, and a DSV determi- 
nation circuit 6. In Fig. 6, a resync signal at a point A 

25 is "11001011," resync signals af points B arid C are 
"Xbl0bo600101." and a resync signal at a point D is 
*X01 000000101" or "X01000000001." 

Input recording data shown in Fig; 6 is data illu- 
strated in a portion inside double lines in Fig:. 3; Le., 

30 data added with error-correcting codes and erroNde- 
tecting codes. The resync byte inserting circuits adds 
a portion from RS1 to RS59 shown in Fig. 3:*Acoord- 
- ing to the present invention; hexadecimal data corre- 
sponding to a resync byte is "GB t * and this?one^byte 

35 data "CB" is inserted every 20 bytes-6f input ? diata. 
The (ij) encoder 2 performs (1 f 7) coding for record- 
ing data in accordance with the rule determihedun 
Fig! 1. The resulting output resync* signal has -a pat- 
^ tern "X0 1 0000001 01 " The output from i he encoder 2 

40 '' is converted into ari : NRZI signal by the NRZIicoding 
' circuit 3^ That is, the Output from the encoderUsl con- 
verted into a signal in which the polarity is inverted at 
a portion of "1" and remains unchanged at a portion 

of "o." 

45 The DSV determihatibn circuit 6 counts the DSV 

of the NRZI waveform column. As shown in Fig. 7, as- 
suming that an interval ^corresponding to *1" of the 
NRZI signal is +1 point and an interval corresponding 
to "0 W of thfe signal is -1 point, this count is obtained 

50 by calculating the sum total of these poirits. 

Of one byte of the resync signal, i.e., of ^chan- 
nel bits of the signal, the 10th bit isused as a DC free 
control bit. 

Assume that a BSV from a recording start point 
55 to a given DC free control bitZ n is DSVo_^» and tnat 
a DSV in an interval from Z^to^t is DSV^. If DSVo-n 
= 5 and DSV n+ i = 3 for Z,,, as shown in Fig. 8, the total 
DSV is increased if the two OSVs are connected di- 
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rectly since both the DSVs are positive. In this case, 
therefore, it is preferable to invert the polarity at the 
bit Zn to obtain -3 as DSV n+1 . For this reason, the po- 
larity is inverted by setting -"I" as Z n . 

For Zn+i, it is assumed that DSVo-> n +i = 2 and 
DSVn+2 = -4. In this case, the polarity of DSV n+2 is pre- 
ferably not inverted, so = "0" is set. The DSV de- 
termination circuit 6 performs these determinations. 

Fig. 9 shows an I/O table of the DSV determina- 
tion circuit 6. If the polarities of DSVo_> n and DSV n+1 
are the same, the DSV determination circuit 6 out- 
puts Z, = "1 if these polarities are different, the DSV 
deter mi nation circuit 6 outputs Z„ = "0/ 

Ti*** delay circuit 4 is necessary to cause a mod- 
ulation signal to wait until the DSV determination cir- 
cuit 6 outputs the determination result. The delay cir- 
cuit 4 delays an input signal by a predetermined time 
by using a FIFO memory or the like and outputs the 
delayed signal. 

The resync 10 th bit control circuit 5 is arranged, 
for example, as shown in Fig. 11. Referring to Fig. 11, 
this bit control circuit includes a resync 101 h bit timing 
generating circuit 42, flip-flop circuits 13 and 14, and 
an exclusiye-OR gate 15. . 

The bit control circuit 5 performs control such 
that, when the output from the DSV determination cir- 
cuit 6 is "1," the polarity is inverted at the timing of the 
10th bit of a resync signal; when the output from, the 
DSV; determination circuit 6 is "0," the polarity }s, not 
inverted:^.:* . . - • ^ 
- ;r- When a resync pattern is i recorded by using the 
above, means, this resync signa) can be recorded as 
a; DC free signal since the maximum value of the sum 
totial of DSVs of a waveform ; column to be recorded 
does not exceed the maximum value of DSV in one 
block. , , ' 'J.-. , ■ 

Fig. 1 0 i II ust rates a n example, of t he arrangement 
of a resync pattern detection circuitjin ^ a t reproducing 
apparatus} Referring |q ; Fjg,y10, ( ^ 
includes AND gates 7, 8^andB^a.NOR;gate t :ip 
i a^12^bit shift register 11.. : ( ; , ; , : , 

: ; .The resync; pattern detection circuit with the 
above arrangement performs pattern matchingfor an 
v input< reproduction.; signal,, to : the shift register 11. 
Since the 10th bit of this shift register does not take 
part in this pattern matching, it is possible to detect a 
pattern of . either TX01 000000001" . .or 
"X01 000000,1 01. n In addition; Jn order to prevent de- 
tection of a false resync pattern, in^ user data area, 
a resync pattern detection window is opened only in 
the vicinity of a portion where a resync pattern is ex- 
pected to be detected. Consequently, the AND. gate 
7 can extract only a true resync pattern. 

In mark-posit ion recording or in mark-edge re- 
cording requiring no DC free recording, the resync 
pattern need only be one type, "X0 1000000001." 

In this case, the resync signal generation unit is 
constituted as shown in Fig. 12. Referring to Fig. 12, 



a resync 10th bit conversion circuit 16 for converting 
the 10th bit of a resync signal from "1" to "0" is pro- 
vided in place of the delay circuit 4, the bit control cir- 
cuit 5, and the DSV determinatibn~circuit 6 sihbwri^ih 

5 Fig. 6. That is, this embodiment makes it unneces- 
sary to use the means for inverting the polarity in a 
resync portion such as in the embodiment shown in 
Fig. 6. Instead, after (1,7) coding is performed by in- 
serting a resync byte "CB"hex, it is required to replace 

10 H," the 10th bit of the resync, with "0." 

Since this resync pattern does not appear in the 
(1 ,7) code, it advantageously decreases the possibil- 
ity of erroneous detection of the resync pattern in a 
data area. Jr '" : " ■ 

15 1 1 wi II be understood f rom the above descri pt ion 

that the following patterns also can be used as other 
embodiments. That is, as the resync pattern to 1 be 
used in combination with "X01 000000001, "five pat- 
terns of 

20 (b) W X01010600001" 

(c) "X01 001 000001" ; 

(d) W X01 0001 00001" 

(e) "X01000bl0001" ^ 

(f) m xtipo6opr6or ... o j.:,->.^- ■ 

25 can be used instead 61 (aj "X01 000000101 " men- 
tioned earlier. Although anyof the above patterns 
can achieve the , object of the present invention; a 
comparison of these pat terns wi II be made below. 
The pattern (b) has performance as a resyncpiat- 
30 tern equivalent to that of the pattern ^ 

the width of a detection wind set at ±6 channel 
. bits in the resync detection circuit ^ as* shown in Fig. 
1 0, no resync pattern erroneous detect ibri 1 occurs 
even if one channel bit error takes place! ! 
35 When the pattern (c) or (f^ 

of a detection window must be set at ±5 charirief bits 
in order that no resync pattern erroneous detection 
takes place even if bn£ channel bit -''error -dccurs. 
, r When the.pattern (d) or (e) is to be used, the width 
40 of a detection window must be set at ±4 channel bits 
: under the same conditions. . ' r * 

As described above, when the width ofa resync 
detection window is narrowed, a deteption omission 
becomes more lively/ to occur With respfect to varia- 
45 ;; tions in reproducing rate: when this fact: is taken into 
consideration, the use of the pattern (a) br : (b) is de- 
sirable. .' . ' * v " 7 ' f ' 

As has been described, above, according to the 
data recording method and the data recording appa- 
so _ . , rat us of the present invent ion, a resync pattern of one 
byte can be set in, trie (1,7) code, and thfe improves 
the efficiency of recording density compared to a, 
two- byte resync pattern. In addition, since recording 
can be performed in a DC free waveform column, a 
55 reproducing apparatus can be designed easily, and 
jitters uppn binarization are also reduced., ; 

, I Furthermore, when a pattern "X0 1000001 000" of 
the conventional example, which is obtained by per- 
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forming (1,7) coding for hexadecimal "C5" is detected 
by using the resync pattern detection circuit, as 
shown in Fig. 10, one channel bit error may result in 
erroneous detection of a false resyncsignal if a de- 
tection window is set at ±6 channel bits. In the present 5 
invention, however, even if the detection window is 
set at ±6 channel bits, erroneous detection of a false 
resync signal is never caused by one channel bit er- 
ror. 

As described above, the data recording method 10 
and the data recording apparatus of the present in- 
vention can perform recording and reproduction with 
a higher reliability. 

15 

Claims 

1. A method of recording data in a recording me- 
dium by using an RLL (Run Length Limited) code 
represented by (d,k,m,n) = (1 ,7,2,3), comprising 20 
the steps of: 

periodically inserting a one-byte resync 
signal with a pattern represented by 
"X01 000000001". assuming that X is an indeter- 
minate bit which is determined by the data, into 25 
the data; and 

recording the data into which the resync 
signal is inserted into said recording medium. 

2. A method of recording data in a recording me- 30 
dium in accordance with IMRZI (Non Return to 
Zero Inverted) recording by using an RLL code 
represented by (d,k,m,n) = (1 ,7,2,3), comprising 

the steps of: 

selecting one of one-byte resync signals .35 
represented by patterns 0(01 000000001" and 
H X0 10000001 01 assuming that X is an indeter- 
minate bit which is determined by the data, such 
that a DSV (Digital Sum Value) of a coded signal 
is decreased, and periodically inserting the se- r 40 
lected resync signal into the data; and 

recording the data into which the resync 
signal is inserted into said recording medium. 

3. A method of recording data in a recording me- 45 
dium in accordance with NRZI (Non Return to 
Zero Inverted) recording by using an RLL code 
represented by (d,k,m,n) = (1,7,2,3), comprising 

the steps of: 

selecting one of one-byte resync signals . so 
represented by patterns "X01 000000001" and 
M X01010000001", assuming that X is an indeter- 
minate bit which is determined by the data, such 
that a DSV (Digital Sum Value) of a coded signal 
is decreased, and periodically inserting the se- 55 
lected resync signal into the data; and 

recording the data into which the resync 
signal is inserted into said recording medium. 



4. A data recording method of coding data into 
which a resync signal is inserted and recording 
the coded signal in a recording medium, compris- 
ing the steps of: 

providing a DC free control bit for remov- 
ing a DC component from a waveform column of 
the coded signal in the resync signal; 

determining the control bit by comparing 
DSVs of the signal before and after the control 

. bit; , / . . ..' ; . 

controlling the control bit in accordance 
with the result of the step of determining the con- 
, trol bit; 

recording the data containing the resync 
signal in which the control bit is determined into 
said recording medium; and 

delaying input of the cdde.d signal to the 
control step until the control bit is determined. 

5. An ^ apparatus for recording data in a recording 
medium by using an RLL (Run Length Limited) 
f codet represented by (d,k,m,n) = (1,7,2,3), com- 
prising: „ \ ; r . ... . . ' 

means for periodically inserting a one-by- 
te resync signal with a pattern represented by 
, "XOVI 000000001 w , assuming that X is an indeter- 
" minate b(it which is determined by the data, into 
the data; and 

' means for recording the ^ date' into which 
the resync signal is inserted into saiij I recording 
medium. 

6. An ..apparatus/ for recording' data in a recording 
medium in accordance With NF^iXr^bh Return to 
Zero inverjed)/ recording Jby using aVTRLL? code 
represented fby '(d.kirfi.h) (1 »7 9 27§)riramprising: 

means for selecting one of one-byte re- 
sync^ ; signals represented^ ^yby;/. patterns 
; "x6l000buX)obl" arid ^6 

ing that X js' an indeterminate bit which is deter- 
mined by the data, such tHaV^DS\T( Digital Sum 
Value) of a coded signal is decreased, dnd peri- 
odically inserting the selected reSyric signal into 
the data; and 

means 'for recording the data into which 
the resync signal is inserted into said recording 
medium."' fj 'y" 

7. An apparatus for recording data in a.recbrding 
medium in accordance i with NRZI (NbrV Return to 
Zero Inverted) recording by using^an RLL code 
represented by (d,k,m,ri) = (1,7,2;3), comprising: 

means for selecting one of one-byte re^ 
sync signals represented by patterns 
"X01000000001" and "X01 01 0000001 V assum- 
ing that X is an indeterminate bit which is deter- 
mined by trie data, such that a DSV (Digital Sum 
Value) of a ooded signal' is decreased; and peri- 



S 



9 



EP 0 605 206 A2 



odically inserting the selected resync signal into 
the data; and 

means for recording the data into which 
the resync signal is inserted into said recording 
medium. 5 

8. A data recording apparatus for converting data 
into a modulation signal and recording the mod- 
ulation signal in a recording medium in accor- 
dance with a predetermined format, comprising: 10 

control bit determination means for pro- 
viding a DC free control bit for removing a DC 
component f rom a waveform column of the mod- 
ulation signal every predetermined interval on 
the format, and determining the control -bit by 15 
. , comparing DSVs of the signal before land after 
the control bit; . 

bit control means for inserting the control 
bit determined by said control bit determination 
means into a predetermined position of the sig- 20 
nal; arid , 

a delay circuit for delaying the signarunti I 
the control bit is determined by said bit control 
, means. w 

; "" \ _ ' _ : \; ~' 25 ; 

9. A method of RLL encoding arid/or decoding digi- 
tal data for transmission or storage wherein a 
synchronisation symbol periodically inserted in 

, the encoded data includes a variable component 
for DSV control. 30 

10. A method according to claim 9 wherein a variable 
I, f bit in r the v syn^chro^ 

'.version, or^nqt of, subsequent symbdiVW reduce 
bc_cx)mpbnents in/t he encoded data. " rA 35 !; 

11. A method according to claim 9 or 10 wherein the 

position of n the ' variable com pbnent of the syn- 1 ' " 

. t ^chronisat ion symbol is such as to minimise a syn- ^ v i 

-,, M p. chronisation detection window in the event that 40 
, . the synchronisation symbol matches allowable 

" ^ .^:c^?^-o ^r.r' - -P- , Jo ? . - ' 

r : ; ; da t<a symbols. „ ; t ( . 

12i rt A rnethod qfRLL encoding digital data for trans- 
mission and storage" wherein 45 
symbol is generated by RLL encoding an allow- 
able user data symbol and modifying one or more 
bits of the encoded symbol to generate an unarrv ' ' 

, . biguous syncrironisat^ ' 



13. t Apparatus comprising means for encoding digital 
t data or means for -decoding digital data in accor- 
dance with a method as claimed in any of claims 

9 to 12. V^?- ■ ' . ,/ ' '.. 

14. A signal or recording thereof which has ben en- 
.. coded by a method or apparatus according to any 

of claims 1 to 13. 
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by using an RLL code represented by (d,k,m,n) 
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